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INTRODUCTION
XML is the new standard for information exchange and
retrieval. An XML document has a schema that defines
the data definition and structure of the XML document
(Abiteboul et al., 2000). Due to the wide acceptance of
XML, a number of techniques are required to retrieve
and analyze the vast number of XML documents. Auto-
matic deduction of the structure of XML documents for
storing semi-structured data has been an active subject
among researchers (Abiteboul et al., 2000; Green et al.,
2002). A number of query languages for retrieving data
from various XML data sources also has been developed
(Abiteboul et al., 2000; W3c, 2004). The use of these
query languages is limited (e.g., limited types of inputs
and outputs, and users of these languages should know
exactly what kinds of information are to be accessed).
Data mining, on the other hand, allows the user to search
out unknown facts, the information hidden behind the
data. It also enables users to pose more complex queries
(Dunham, 2003).
Figure 1 illustrates the idea of integrating data min-
ing algorithms with XML documents to achieve knowl-
edge discovery. For example, after identifying similari-
ties among various XML documents, a mining technique
can analyze links between tags occurring together within
the documents. This may prove useful in the analysis of
e-commerce Web documents recommending personal-
ization of Web pages.
BACKGROUND: WHAT IS XML
MINING?
XML mining includes mining of structures as well as
contents from XML documents, depicted in Figure 2
(Nayak et al., 2002). Element tags and their nesting therein
dictate the structure of an XML document (Abiteboul et
al., 2000). For example, the textual structure enclosed by
<author>… </author> is used to describe the author tuple
and its corresponding text in the document. Since XML
provides a mechanism for tagging names with data, knowl-
edge discovery on the semantics of the documents be-
comes easier for improving document retrieval on the
Web. Mining of XML structure is essentially mining of schema
including intrastructure mining, and interstructure mining.
Intrastructure Mining
Concerned with the structure within an XML document.
Knowledge is discovered about the internal structure of
XML documents in this type of mining. The following
mining tasks can be applied.
The classification task of data mining maps a new
XML document to a predefined class of documents. A
schema is interpreted as a description of a class of XML
documents. The classification procedure takes a collec-
tion of schemas as a training set and classifies new XML
documents according to this training set.
Figure 1. XML mining scheme
 
Figure 2. A taxonomy of XML mining
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The clustering task of data mining identifies similari-
ties among various XML documents. A clustering algo-
rithm takes a collection of schemas to group them together
on the basis of self-similarity. These similarities are then
used to generate new schema. As a generalization, the
new schema is a superclass to the training set of schemas.
This generated set of clustered schemas can now be used
in classifying new schemas. The superclass schema also
can be used in integration of heterogeneous XML docu-
ments for each application domain. This allows users to
find, collect, filter, and manage information sources more
effectively on the Internet.
The association data mining describes relationships
between tags that tend to occur together in XML docu-
ments that can be useful in the future. By transforming
the tree structure of XML into a pseudo-transaction, it
becomes possible to generate rules of the form “if an
XML document contains a <craft> tag, then 80% of the
time it also will contain a <licence> tag.” Such a rule
then may be applied in determining the appropriate
interpretation for homographic tags.
Interstructure Mining
Concerned with the structure between XML documents.
Knowledge is discovered about the relationship be-
tween subjects, organizations, and nodes on the Web in
this type of mining. The following mining tasks can be
applied.
Clustering schemas involves identifying similar
schemas. The clusters are used in defining hierarchies
of schemas. The schema hierarchy overlaps instances
on the Web, thus discovering authorities and hubs
(Garofalakis et al. 1999). Creators of schema are iden-
tified as authorities, and creators of instances are hubs.
Additional mining techniques are required to identify
all instances of schema present on the Web. The follow-
ing application of classification can identify the most
likely places to mine for instances. Classification is
applied with namespaces and URIs (Uniform Resource
Identifiers). Having previously associated a set of
schemas with a particular namespace or URI, this infor-
mation is used to classify new XML documents origi-
nating from these places.
Content is the text between each start and end tag in
XML documents. Mining for XML content is essen-
tially mining for values (an instance of a relation),
including content analysis and structural clarification.
Content Analysis
Concerned with analysing texts within XML documents.
The following mining tasks can be applied to contents.
Classification is performed on XML content, labeling
new XML content as belonging to a predefined class. To
reduce the number of comparisons, pre-existing schemas
classify the new document’s schema. Then, only the
instance classifications of the matching schemas need to
be considered in classifying a new document.
Clustering on XML content identifies the potential
for new classifications. Again, consideration of schemas
leads to quicker clustering; similar schemas are likely
to have a number of value sets. For example, all schemas
concerning vehicles have a set of values representing
cars, another set representing boats, and so forth. How-
ever, schemas that appear dissimilar may have similar
content. Mining XML content inherits some problems
faced in text mining and analysis. Synonymy and polysemy
can cause difficulties, but the tags surrounding the
content usually can help resolve ambiguities.
Structural Clarification
Concerned with distinguishing the similar structured
documents based on contents. The following mining
tasks can be performed.
Content provides support for alternate clustering of
similar schemas. Two distinctly structured schemas
may have document instances with identical content.
Mining these avails new knowledge. Vice versa, schemas
provide support for alternate clustering of content. Two
XML documents with distinct content may be clustered
together, given that their schemas are similar.
Content also may prove important in clustering
schemas that appear different but have instances with
similar content. Due to heterogeneity, the incidence of
synonyms is increased. Are separate schemas actually
describing the same thing, only with different terms?
While thesauruses are vital, it is impossible for them to
be exhaustive for the English language, let alone handle
all languages. Conversely, schemas appearing similar
actually are completely different, given homographs.
The similarity of the content does not distinguish the
semantic intention of the tags. Mining, in this case,
provides probabilities of a tag having a particular mean-
ing or a relationship between meaning and a URI.
METHODS OF XML STRUCTURE
MINING
Mining of structures from a well-formed or valid docu-
ment is straightforward, since a valid document has a
schema mechanism that defines the syntax and structure
of the document. However, since the presence of schema
is not mandatory for a well-formed XML document, the
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document may not always have an accompanying schema.
To describe the semantic structure of the documents,
schema extraction tools are needed to generate schema for
the given well-formed XML documents.
DTD Generator (Kay, 2000) generates the DTD for a
given XML document. However, the DTD generator yields
a distinct DTD for every XML document; hence, a set of
DTDs is defined for a collection of XML documents rather
than an overall DTD. Thus, the application of data mining
operations will be difficult in this matter. Tools such as
XTRACT (Garofalakis, 2000) and DTD-Miner (Moh et al.,
2000) infer an accurate and semantically meaningful DTD
schema for a given collection of XML documents. How-
ever, these tools depend critically on being given a rela-
tively homogeneous collection of XML documents. In
such heterogeneous and flexible environment as the Web,
it is not reasonable to assume that XML documents related
to the same topic have the same document structure.
Due to a number of limitations using DTDs as an
internal structure, such as limited set of data types, loose
structure constraints, and limitation of content to tex-
tual, many researchers propose the extraction of XML
schema as an extension to XML DTDs (Feng et al., 2002;
Vianu, 2001). In Chidlovskii (2002), a novel XML schema
extraction algorithm is proposed, based on the Extended
Context-Free Grammars (ECFG) with a range of regular
expressions. Feng et al. (2002) also presented a seman-
tic network-based design to convey the semantics car-
ried by the XML hierarchical data structures of XML
documents and to transform the model into an XML
schema. However, both of these proposed algorithms are
very complex.
Mining of structures from ill-formed XML docu-
ments (that lack any fixed and rigid structure) are per-
formed by applying the structure extraction approaches
developed for semi-structured documents. But not all of
these techniques can effectively support the structure
extraction from XML documents that is required for
further application of data mining algorithms. For in-
stance, the NoDoSe tool (Adelberg & Denny, 1999)
determines the structure of a semi-structured document
and then extracts the data. This system is based primarily
on plain text and HTML files, and it does not support
XML. Moreover, in Green, et al. (2002), the proposed
extraction algorithm considers both structure and con-
tents in semi-structured documents, but the purpose is to
query and build an index. They are difficult to use without
some alteration and adaptation for the application of data
mining algorithms.
An alternative method is to approach the document as
the Object Exchange Model (OEM) (Nestorov et al.
1999; Wang et al. 2000) data by using the corresponding
data graph to produce the most specific data guide
(Nayak et al., 2002). The data graph represents the inter-
actions between the objects in a given data domain.
When extracting a schema from a data graph, the goal is
to produce the most specific schema graph from the
original graph. This way of extracting schema is more
general than using the schema for a guide, because most
of the XML documents do not have a schema, and some-
times, if they have a schema, they do not conform to it.
METHODS OF XML CONTENT
MINING
Before knowledge discovery in XML documents oc-
curs, it is necessary to query XML tags and content to
prepare the XML material for mining. An SQL-based
query can extract data from XML documents. There are
a number of query languages, some specifically de-
signed for XML and some for semi-structured data, in
general. Semi-structured data can be described by the
grammar of SSD (semi-structured data) expressions.
The translation of XML to SSD expression is easily
automated (Abiteboul et al., 2000). Query languages
for semi-structured data exploit path expressions. In
this way, data can be queried to an arbitrary depth. Path
expressions are elementary queries with the results
returned as a set of nodes. However, the ability to
return results as semi-structured data is required, which
path expressions alone cannot do. Combining path ex-
pressions with SQL-style syntax provides greater flex-
ibility in testing for equality, performing joins, and
specifying the form of query results. Two such lan-
guages are Lorel (Abiteboul et al., 2000) and Unstruc-
tured Query Language (UnQL) (Farnandez et al., 2000).
UnQL requires more precision and is more reliant on
path expressions.
XML-QL, XML-GL, XSL, and Xquery are designed
specifically for querying XML (W3c, 2004). XML-QL
(Garofalsaki et al., 1999) and Xquery bring together
regular path expressions, SQL-style query techniques,
and XML syntax. The great benefit is the construction
of the result in XML and, thus, transforming XML data
from one schema to another. Extensible Stylesheet
Language (XSL) is not implemented as a query lan-
guage but is intended as a tool for transforming XML to
HTML. However, XSL’_S select pattern is a mecha-
nism for information retrieval and, as such, is akin to a
query (W3c, 2004). XML-GL (Ceri et al., 1999) is a
graphical language for querying and restructuring XML
documents.
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FUTURE TRENDS
There has been extensive effort to devise new technolo-
gies to process and integrate XML documents, but a lot
of open possibilities still exist. For example, integration of
data mining, XML data models and database languages
will increase the functionality of relational database prod-
ucts, data warehouses, and XML products. Also, to
satisfy the range of data mining users (from naive to expert
users), future work should include mining user graphs
that are structural information of Web usages, as well as
visualization of mined data. As data mining is applied to
large semantic documents or XML documents, extraction
of information should consider rights management of
shared data. XML mining should have the authorization
level to empower security to restrict only appropriate
users to discover classified information.
CONCLUSION
XML has proved effective in the process of transmitting
and sharing data over the Internet. Companies want to
bring this advantage into analytical data, as well. As
XML material becomes more abundant, the ability to
gain knowledge from XML sources decreases due to
their heterogeneity and structural irregularity; the idea
behind the XML data mining looks like a solution to put
to work. Using XML data in the mining process has
become possible through new Web-based technologies
that have been developed. Simple Object Access Proto-
col (SOAP) is a new technology that has enabled XML
to be used in data mining. For example, vTag Web
Mining Server aims at monitoring and mining of the
Web with the use of information agents accessed by
SOAP (vtag, 2003). Similarly, XML for Analysis de-
fines a communication structure for an application pro-
gramming interface, which aims at keeping client pro-
gramming independent from the mechanics of data trans-
port but, at the same time, providing adequate informa-
tion concerning the data and ensuring that it is properly
handled (XMLanalysis, 2003). Another development,
YALE, is an environment for machine learning experi-
ments that uses XML files to describe data mining
experiments setup (Yale, 2004). The Data Miner’s AR-
CADE also uses XML as the target language’ for all data
mining tools within its environment (Arcade, 2004).
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KEY TERMS
Ill-Formed XML Documents: Lack any fixed and
rigid structure.
Valid XML Document: To be valid, an XML docu-
ment additionally must conform (at least) to an explic-
itly associated document schema definition.
Well-Formed XML Documents: To be well-formed, a
page’s XML must have properly nested tags, unique
attributes (per element), one or more elements, exactly one
root element, and a number of schema-related constraints.
Well-formed documents may have a schema, but they do
not conform to it.
XML Content Analysis Mining: Concerned with
analysing texts within XML documents.
XML Interstructure Mining: Concerned with the
structure between XML documents. Knowledge is dis-
covered about the relationship among subjects, organi-
zations, and nodes on the Web.
XML Intrastructure Mining: Concerned with the
structure within an XML document(s). Knowledge is
discovered about the internal structure of XML docu-
ments.
XML Mining: Knowledge discovery from XML
documents (heterogeneous and structural irregular).
For example, clustering data mining techniques can
group a collection of XML documents together accord-
ing to the similarity of their structures. Classification
data mining techniques can classify a number of hetero-
geneous XML documents into a set of predefined clas-
sification of schemas to improve XML document han-
dling and achieve efficient searches.
XML Structural Clarification Mining: Concerned
with distinguishing the similar structured documents
based on contents.
